- (22)) becomes:
v a * · t Γ = 0 on Γ (B.7)
This set of equations is completed by the Hertz-Knudsen equation and the Clausius Clapeyron's law, Eq. (11) and (12), expressed in dimensionless form as: where the unknown p * (0) a (x * , y * ) is y * -periodic. It can be shown [Auriault et al., 2009] that this relation implies that:
a (x * ). (B.14)
At the first order, the pressure is independent of the microscopic dimensionless variable y * , i.e. constant over a period or REV. Taking into account these results, equations (B.1, B.2, B.7, B.6) of order ε 0 give the following second-order problem:
where v * (1) a (x * , y * ) and p * (1) a (x * , y * ) are the y * -periodic unknowns, which represent respectively the fluid velocity and the pressure fluctuation in a REV induced by a given macroscopic gradient of pressure grad x * p * (0) a . It can be shown that v a * (0) and p * (1) a are linear functions of grad x * p * (0) a , and that p * (1) a is expressed modulo an arbitrary function
a (x * ) [Auriault et al., 2009] : 
At the next order, equations (B.2, B.7, B.6) are written:
where the unknown v * (1)
a (x * , y * ) is y * -periodic. Integrating equation (B.24) over Ω a and then using the divergence theorem, boundary condition (B.26) and the periodicity condition, the dimensionless macroscopic mass balance takes the form
where
n (x * , y * , t) is the normal interface velocity at the zero order due to the phase change given by the Hertz-Knudsen equation (B.67) and the Clausius Clapeyron's law (B.66).
Heat transfer
Introducing asymptotic expansions for T * i and T * a in the relations (B.3, B.4, B.8, B.9) gives at the lowest order ε 0 :
where the unknowns T * (0) i (x * , y * , t) and T * (0) a (x * , y * , t) are y * -periodic. It can be shown [Auriault et al., 2009] that the obvious solution of the above boundary value problem is given by:
At the first order, the temperature is independent of the microscopic dimensionless variable y * , i.e. we have only one temperature field. Taking into account these results, equations (B.3, B.4, B.8, B.9) of order ε give the following second-order problem: 
This latter equation is introduced to ensure the uniqueness of the solution. Finally, the third order problem is given by the equations (B.3, B.4, B.8, B.9) of order ε 2 :
where the unknowns T * (2) i
given by the equation (B.20) and verifies the relations (B.16) -(B.18), and w * (0)
is the normal interface velocity at the zero order due to the phase change given by the Hertz-Knudsen (B.67) and the Clausius Clapeyron's law (B.66). Consequently, integrating (B.46) over Ω i and (B.47) over Ω a , and then using the divergence theorem, the periodicity condition, and the boundary conditions (B.49) lead to the first order dimensionless macroscopic description for the heat transfer:
where SSA V = |Γ|/|Ω| is the specific surface area, (ρC) eff * and k eff * are the dimensionless effective thermal capacity and the effective dimensionless conductivity respectively, defined as:
where φ is the porosity. 
where the unknown ρ * (0) v (x * , y * , t) is y * -periodic. It can be shown [Auriault et al., 2009] that the solution of the above boundary value problem is given by:
At the first order, the water vapor density is independent of the microscopic dimensionless variable y * . Taking into account these results, the second-order problem is given by the equations (B.5, B.10) of order ε:
where the unknown ρ * (1) v (x * , y * , t) is y * -periodic and the macroscopic gradient grad x * ρ * (0) v is given. The solution of the above boundary value problem appears as a linear function of the macroscopic gradient, modulo an arbitrary function ρ * (1) v (x * , t) [Auriault et al., 2009] :
where g * v (y * ) is a periodic vector which characterizes the fluctuation of water vapor density in the air phase at the pore scale. Introducing (B.58) in the set (B.56)-(B.57), this vector is solution of the following boundary value problem in a compact form:
This latter equation is introduced to ensure the uniqueness of the solution. Finally, the third order problem is given by the equations (B.5, B.10) of order ε 2 :
where the unknown ρ * (2) 
where SSA V = |Γ|/|Ω| is the surface area and D * eff is the dimensionless effective diffusion tensor defined as:
The asymptotic analysis for the the Clausius Clapeyron's law and the Hertz-Knudsen equation are presented in Calonne et al. [2014] . They obtained Taking into account the order of magnitude of the dimensionless numbers in the Case
, the dimensionless microscopic description (Equations (13)- (22)) becomes:
This set of equations is completed by the Hertz-Knudsen equation and the Clausius Clapeyron's law, Eq. (11) and (12), expressed in dimensionless form as:
Here again, note that the steady air flow equation is written using the Laplacien symbol to shorten the equations length 
where the unknown p * (0) a (x * , y * ) is y * -periodic. It can be shown [Auriault et al., 2009] that this relation implies that:
At the first order, the pressure is independent of the microscopic dimensionless variable y * , i.e. constant over a period or REV. Taking into account these results, equations (C.1, C.2, C.7, C.6) of order ε 0 give now the following second-order problem:
where v * (1) a (x * , y * ) and p * (1) a (x * , y * ) are the y * -periodic unknowns. By contrast to the Case B1, the equation (C.15) is strongly nonlinear. Consequently, v a * (0) appears as a nonlinear function f of the macroscopic pressure gradient grad x * p * (0) a , of y * and of the fluid properties (ρ * a µ * a ), (see [Auriault et al., 2009] and references herein for more details):
A similar relation stands for the pressure p * (1) a (x * , y * ). At the next order, equations (C.2, C.7, C.6) are written:
where the unknown v * (1) a (x * , y * ) is y * -periodic. Let us remark that the equation ( where the dimensionless macroscopic flow law is written:
Introducing asymptotic expansions for T * i and T * a in the relations (C.3, C.4, C.8, C.9)
gives at the lowest order ε 0 :
where the unknowns T * (0) i (x * , y * , t) and T * (0) a (x * , y * , t) are y * -periodic. It can be shown [Auriault et al., 2009; Geindreau and Auriault, 2001 ] that the solution of the above boundary value problem is given by:
November 25, 2015, 10:28am D R A F T At the first order, the temperature is independent of the microscopic dimensionless variable y * , i.e. we have only one temperature field. Taking into account these results, equations (C.3, C.4, C.8, C.9), of order ε give the following second-order problem:
where the unknowns T * (1) i (x * , y * , t) and T * (1) a (x * , y * , t) are y * -periodic and the macroscopic
is given by the relation (C.19). Integrating (C.30) over Ω i and (C.31) over Ω a and taking into account the condition of periodicity, the boundary condition (C.33) and the relation (C.19), we obtain the following first order macroscopic description:
where v * (0) a and (ρC) eff * are given by the relations (C.24) and (B.51) respectively. As expected, the convection alone is present at the first order of approximation.
The first correction of this macroscopic model will bring the diffusion into play. Using the relation (C.34), the boundary value problem can be put in the form:
Consequently, the solution of the above boundary value problem (C.35)-(C.38) appears as a linear function of the macroscopic gradient of temperature, modulo an arbitrary function T * (1) (x * , t) [Auriault et al., 2009; Geindreau and Auriault, 2001] , and is written:
a ) are two periodic vectors which characterize the fluctuation of temperature in both phases at the pore scale. They also depend on the velocity field at the first order and hence on the macroscopic pressure gradient
a . Introducing (C.39) and (C.40) in the set (C.35)-(C.38), these two vectors are solution of the following boundary value problem in a compact form:
This latter equation is introduced to ensure the uniqueness of the solution. Finally, the third order problem is given by the equations (C.3, C.4, C.8, C.9) of order ε 2 : November 25, 2015, 10: 28am
where the unknowns T * (2) i (x * , y * , t) and T * (2) a (x * , y * , t) are y * -periodic. The fluid velocity v * (0) a (x * , y * , t) is given by the equation (C.19) (and verifies the relation (C.16)) and
a (x * , y * , t) verifies the relations (C.21) and (C.22). Finally, w * (0) n (x * , y * , t) is the normal interface velocity due to the phase change at the zero order given by the Hertz-Knudsen equation (B.67) and the Clausius Clapeyron's law (B.66). Integrating (C.46) over Ω i and (C.47) over Ω a , and then using the divergence theorem, the periodicity condition, and the boundary conditions (C.49) lead to the first order correction:
where k dips * is the effective thermal dispersion tensor respectively, defined as:
Finally, we can define: where · represents the mean over the REV. Thus, adding equations (C.34) and (C.50) multiplied by ε, we get the following dimensionless macroscopic description at the second order of approximation:
Water vapor transfer
Introducing asymptotic expansions for ρ * v in the relations (C.5, C.10) give at the lowest
At the first order, the water vapor density is independent of the microscopic dimensionless variable y * . Taking into account these results, the second-order problem is given by the equations (C.5, C.10) of order ε: where the unknown ρ * (1) v (x * , y * , t) is y * -periodic and the macroscopic gradient grad x * ρ * (0) v is given. v * (0) a is given by the relation (C.19) (and verifies the relations (C.16) and (C.18)).
Integrating (C.57) over Ω a and taking into account the condition of periodicity, the bound- where v * (0) a is given by the relation (C.24).
As for the temperature, the convection alone is present at the first order of approximation. Using the relation (C.59), the boundary value problem (C.57)-(C.58) is written: 
